and Supplementary References. Table S1 : Identified cross-links for tryptophan synthase Table S2 : Identified cross-links for the carbamoyl phosphate synthetase Table S3 : Identified cross-linked for the RvB1/RvB2 complex Table S4 : Labelled amino-acid residues of tryptophan synthase Table S5 : Labelled carbamoyl phosphate synthetase amino-acid residues Table S6 : Labelled RvB1/RvB2 amino acid residues from covalent labeling MS Table S7 : Labelled cATPase amino-acid residues Under such conditions, we identified the intact heterotetramer, two of its subcomplexes and the two monomers.
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Figure S5: Plot of assigned scores for all model structures generated for the tryptophan synthase benchmark case versus their similarity to the reference crystal structure (PDB ID: 1WBJ). Structural similarity of models were assessed based on the pairwise RMSD in which models with RMSD < 10Å were considered identical. Normalized score (a.u.)
RMSD (A)
Figure S6: Description of the solvent accessibility algorithm using a peptide (GLY-PRO) as a model structure. (A) The solvent accessible surface area (SASA) of amino acids are calculated by "rolling" a sphere with probe radius 1.8 Å over the atom van der Waal surface. The red circles indicate the atoms while the dashed line denote the accessible surface area by the probe. We calculated the SASA for all amino-acid residues indicating significant accessibility for SASA >0.25, which was used as a threshold value in our modeling strategy.
(B) Plot of the fraction of satisfied labelled residues versus the lower SASA bound restraint.
(C) Fraction of labelled residues with SASA greater than 0.25 for both benchmark cases studied. : Benchmark analysis on the hetero-hexameric α/β cATPase catalytic core. We used the complementary MS-based restraints to build an accurate model of the α/β heterodimer and then used symmetry restraints as previously described 1 to build the hexameric core. ROC plots show the enhanced predictability when all restraints are combined and hierarchical clustering analysis allowed the uniqueness of the structure to be established.
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Figure S10: Connectivity map of cATPase generated using the restraints obtained from 
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Figure S11: Model structure of (A) F-type cATPase and (B) V-type ATPase generated from MS-based restraints. A slight tilting between the axis of the catalytic core and that of the transmembrane ring is consistent with a model built for the V-type ATPase from Thermus thermophilus 3 .
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Figure S12: Time evolution of system energy reveals stability over the course of the simulation (40 ns). The time evolution of (a) the kinetic and (b) potential energies of the system are shown for each 2 fs timestep (black dots) and as a running average for each 0.1 ns (red line). The autocorrelation function for (c) the kinetic and (d) potential energies are shown next to the respective plots. 
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